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Background: abdominal aortic aneurysm (AAA) distensibility may be an independent predictor of growth and rupture,
possibly because it reflects changes in aortic wall structure and composition.
Aim: to determine whether AAA distensibility is related to circulating markers of elastin and collagen metabolism.
Methods: sixty-two male patients of median age (IQR) 68 (65–72) years with asymptomatic AAA of median (IQR)
diameter 42 (37–45) mm were prospectively studied. Pressure-strain elastic modulus (Ep) and stiffness () were measured
using an ultrasonic echo-tracker (Diamove). Serum elastin peptides (SEP), plasma elastin-1-antitrypsin complex (E-
AT), procollagen III-N-terminal propeptide (PIIINP) were measured by enzyme-linked immunoassay.
Results: age and smoking adjusted Ep and  were significantly inversely related to SEP (r=−0.33 and r=−0.31
respectively, both p<0.02) and E-AT (r=−0.27 and r=−0.27 respectively, both p<0.05) both of which indicate
elastolysis. By contrast, there was a significant positive correlation between PIIINP, indicative of increased collagen turn-
over, and both Ep and  (both r=0.45, p<0.01 unadjusted correlations).
Conclusion: increased elastolysis is associated with increased AAA wall distensibility; whereas increased collagen turn-
over is associated with reduced distensibility.
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Introduction procollagen aminoterminal propeptides (PIIINP) and
high levels of PIIINP have been found in patients with
Abdominal aortic aneurysm (AAA) distensibility may AAA.9–12 The aim of this study was to determine
whether AAA distensibility is related to circulatingbe an independent predictor of growth and rupture,
possibly because it reflects changes in aortic wall markers of elastin (SEP, AT, E-AT) and collagen (PII-
INP) metabolism.structure and composition.1,2 There is general agree-
ment that AAA formation is associated with de-
gradation and/or redistribution of elastin and collagen
in the media.3 This, in turn, appears to be due to an
Methodsincrease in elastase and collagenase activity.4
Elastolysis has been shown previously to be associated
Arterial distensibility describes the relationship be-with increased levels of serum-elastin-peptides
tween fractional diameter (D) change and blood pres-(SEP).5–7 Alpha1-antitrypsin (AT) inhibits circulating
sure (P).13–15 Specifically, pressure-strain elasticelastase by forming elastase-alpha1-antitrypsin com-
modulus (Ep)2 is defined as:plex (E-AT) and increased serum E-AT levels may also
be indicative of increased elastolysis.7,8 Increased type
Ep=K×(P systolic−P diastolic)/[(D systolic−D dia-III collagenase activity has been linked to AAA growth,
stolic)/D diastolic]and possibly rupture.4,9–11 Increased collagen turnover
has been associated with an increase in serum type III
where K=133.3, and stiffness ()16,17 as:
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Table 1. Markers of elastin and collagen metabolism. Ep and  were not. Therefore, non-parametric de-
scriptors and log transformed analyses of Ep and Variable Median IQR
were performed (SPSS-9). Results for Spearman’s rank
Elastin-peptides (SEP) (mg/l) 29.4 25.0–37.4 correlation on untransformed data and Pearson partial
Elastase 1-antitrypsin (E-AT) (mg/l) 5.7 4.2–7.6 correlation adjusted for age and smoking were very1-antitrypsin (AT) (g/l) 1.3 1.2–1.4
PIIINP-collagen (mg/l) 34.5 25.7–42.1 similar. Pearson’s correlation cannot easily be il-
lustrated and so scatterplots of Spearman’s correlation
have been used. Smoking status was defined as current
or ex-smokers; there were no non-smokers. A prob-
ability level of <0.05 was taken to denote statistical
significance. The study received local ethics committee
approval and was reported to the Danish Central
Control of Registers. All patients provided written,
informed consent.
Results
There were sixty-two males of median (IQR) age 68
(65–72) years with screen-detected AAA of median
(IQR) antero-posterior (AP) diameter 42 (37–45) mm.
The median (IQR) Ep was 3.56 (2.52–5.35) 105 Nm−2
Fig 1. Spearman’s rank correlations between Ep and serum elastin and the median (IQR)  was 24.4 (18.5–35.8) arbitrary
peptides. units (a.u). Circulating markers of elastin and collagen
metabolism are shown in Table 1.
After adjusting for age and smoking status, Ep and
Both Ep and  are inversely related to distensibility.18,19  were significantly inversely related to both SEP and
The use of the echo-tracking ultrasound system E-AT (Table 2. Figures 1 and 2 represent the unadjusted
(Diamove, Teltec AB, Sweden) has been described in correlations). By contrast, there was a significant posi-
detail previously.14,18,20 A 3.5 MHz linear array trans- tive correlation between PIIINP and both Ep and 
ducer was used to provide a real-time B-scan image (Table 2, Fig. 3 unadjusted correlations). Dmax was
of a longitudinal section of the AAA at the point of not related to any of the circulating markers.
maximal antero-posterior (AP) diameter. The pressure-
diameter curve was registered on the computer in
real time. Blood pressure was measured in the right
brachial artery by sphygmomanometry21,22 and pulse Discussion
pressure, diameter change (Dch), Ep and  were cal-
culated by the software. The principal findings of the present study were that
after adjusting for age and smoking status, both EpNon-commercial enzyme-linked immunosorbent as-
says (ELISA) were used for determination of SEP, AT and were significantly inversely related to circulating
SEP and E-AT; that is, patients with evidence of in-and E-AT as previously described.6 PIIINP levels were
measured by the method of Jensen23 and Ristelli.24 creased elastolysis had more distensible aneurysms.
By contrast, AAA distensibility was inversely relatedAge was normally distributed; however, diameter,
Table 2. Pearson’s partial correlation coefficients (p values) for serum markers of matrix
degradation, distensibility and diameter, adjusted for age and smoking status.
Serum markers Elasticity Stiffness Diameter
Elastin-peptides (SEP) −0.33 (0.01) −0.31 (0.02) −0.20 NS
Elastase 1-antitrypsin (E-AT) −0.27 (0.04) −0.37 (0.04) 0.11 NS
1-antitrypsin (AT) −0.10 NS −0.06 (NS) −0.08 NS
PIIINP-collagen 0.45 (0.01) 0.45 (0.01) 0.21 NS
Elasticity — — 0.49 (0.01)
Stiffness — — 0.46 (0.01)
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more specific to the aorta (serine-, cysteine- and
metallo-dependent proteases). Our finding that SEP
levels were also inversely related to distensibility sug-
gests that distensibility may indeed be reflecting aortic
elastin degradation, induced by other proteases than
elastin. SEP and E-AT were not related to AAA dia-
meter, suggesting that AAA wall degradation may not
be uniform within AAA of the same diameter.
Our preliminary longitudinal data had also sug-
gested that distensible AAA were more likely to rup-
ture. Specifically, while most aneurysms tend to
become less distensible as they expand, those that fail
to grow stiffer as they enlarge or become suddenly
more distensibility appear to be at particularly high
risk of rupture. This observation can also be explained
Fig. 2. Spearman’s rank correlation coefficients between elastase in terms of the present data on PIINP.
alpha1-antitrypsin (E-AT) and Ep. An increasing level of PIIINP, indicating collagen
neosynthesis, was related to increasing Ep and  (re-
duced distensibility). This new collagen is less dis-
tensible than the elastin it is replacing. Previous
workers have suggested that high levels of PIIINP are
in fact associated with AAA expansion and rupture.9
While this appears to contradict our previous con-
tention that AAA undergoing an increase in dis-
tensibility are more likely to rupture, it is possible that
the strength of the new collagen may be compromised
in some of the subjects because of the higher rate of
turn-over.4 Satta et al.9 found that in AAA development,
PIIINP and diameter increased exponentially with time
and, in cases of rupture, rate of collagen turn-over
was significantly higher than in non-ruptures. In some
cases very high levels of collagen neosynthesis and
PIIINP release may, in fact, be associated with failure
of collagen maturation, depauperisation of fibres andFig. 3. Spearman’s rank correlation coefficients between propeptide
of type III procollagen (PIIINP) and Ep. the laying down of collagen that is structurally weak.
Furthermore, those aneurysms which fail to lay down
collagen as they grow may be least able to withstandto PIIINP, a marker of increased collagen neosynthesis.
the increased wall tension predicated by the law ofPrevious work from this group has shown that AAA
Laplace and thus show higher distensibility.of similar size exhibit markedly different degrees of
These findings are significant in that they show, fordistensibility.1 We had hypothesised that this was due
the first time, that distensibility may be indicative ofto differences in the absolute and relative amounts of
the AAA wall matrix degeneration and regenerationelastin present in the aorta. This current study may
process. The importance of these findings is that dis-now provide support for that contention in that AAA
tensibility, which is easily measured non-invasively,distensibility was significantly inversely related to
may provide a more detailed picture of the changingcirculating of E-AT complex. This complex may be
AAA wall matrix than diameter alone. More spe-indicative of smoking-induced lung damage; however,
cifically, distensibility may indicate the terminal break-adjustment for smoking did not diminish this re-
down of collagen which eventually leads to rupturelationship. At present it is not possible to determine
of the AAA wall. In conjunction with currently usedabsolutely whether this elastase originates in aortic or
risk factors, namely diameter, expansion rate andlung tissue. Previous authors have shown markers of
symptoms, this may allow surgeons to further specifyelastin degradation to be indicative of aortic matrix
which AAA require immediate surgery and which candegeneration.6,25,26 The SEP ELISA measures a wide
spectrum of peptides, including some which may be safely expand or remain at a size previously thought
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in aortic wall stiffness in men with 1-antitrypsin deficiency. Eurdangerous, with little risk of rupture. It is quite pos-
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